Background: The nonHDLc/HDLc ratio (in which nonHDLc is defined as total cholesterol minus HDLc) is positively associated with multiple dyslipidemia-related disorders. This study aimed to determine whether the nonHDLc/HDLc ratio is an independent predictor of new-onset NAFLD (non-alcoholic fatty liver disease) in Chinese population.
Background
Non-alcoholic fatty liver disease (NAFLD) includes a series of hepatic clinico-pathologic conditions (ranging from hepatic steatosis to steatohepatitis), resembling alcoholic liver disease in individuals without excessive alcohol consumption. With the increasing prevalence of obesity and diabetes, NAFLD has become the most common cause of liver diseases worldwide. And the prevalence rate for NAFLD varies from 25 to 45% in most studies [1] [2] [3] . Between 75 million and 100 million individuals in the United States are estimated to have NAFLD and its potential morbidity extends beyond the liver [2] . NAFLD prevalence in most regions of Asia is similar to that in the USA, Australia and New Zealand, and Europe [4] . NAFLD is now considered to be a hepatic manifestation of insulin resistance and a characteristic of metabolic syndrome. Patients with NAFLD overall, and those with non-alcoholic steatohepatitis (NASH), the progressive subtype of NAFLD, in particular, are at increased risk of mortality from liver disease (13%), and more commonly from cardiovascular disease (25%) and malignancy (28%) [2] . Because of the growing burden of this disease, early identification of individuals at high risk for NAFLD helps to prevent the development of NAFLD by primary intervention [5] .
Patients with NAFLD frequently exhibit an atherogenic dyslipidemia that is characterized by hypertriglyceridemia, low levels of high-density lipoprotein cholesterol (HDLc) and low-density lipoprotein cholesterol (LDLc) particles that are smaller and more dense than normal [6] [7] [8] . An altered lipid profile may be an important factor for predicting the initiation and progression of NAFLD. However, the lipid abnormalities preceding the new-onset NAFLD were neither tested [9] nor have been fully elucidated [10, 11] . Recently, a longitudinal study, based on a small-scale cohort in the Middle East, suggested that nonHDLc, defined as total cholesterol minus HDLc, is a useful predictor of incident NAFLD [12] .
The nonHDLc to HDLc ratio (nonHDLc/HDLc ratio) could indicate combined lipid problems and was demonstrated as a better predictor for multiple dyslipidemia-related disorders, such as coronary heart disease (CHD) [13] , insulin resistance, metabolic syndrome and chronic kidney disease than single lipoprotein or the apoB/apoA1 ratio [14] . A recent observational study of type 2 diabetes also found that the nonHDLc/HDLc ratio had a stronger effect on CHD risk than nonHDLc [15] . However, it is still unclear whether the nonHDLc/HDLc ratio is an equal or a better predictor for the incidence of NAFLD.
In the present study, we aimed to investigate whether the nonHDLc/HDLc can serve as a predictor of incident NAFLD, and, if so, to compare the predictive value for NAFLD between nonHDLc/HDLc and nonHDLc among Chinese.
Patients and methods

Study population
All participants were recruited from community-dwelling residents who visited Wuhan Union Hospital for annual medical examinations between February 1, 2014, and May 31, 2014. We excluded participants as follows: (i) subjects with positive serologic markers for hepatitis B, hepatitis C infection, a serum aspartate aminotransferase (AST) to alanine aminotransferase (ALT) ratio > 2, an ALT level more than twice the upper limit of normal, liver cirrhosis, fatty liver disease or malignancy as observed by ultrasonography findings at baseline; (ii) patients who were treated with lipid-lowering agents or who had previous clinical cardiovascular diseases or diabetes; (iii) individuals with a history of alcohol consumption in excess of ≥20 g/day for women and ≥ 30 g/day for men were also excluded to distinguish those with NAFLD. A total of 3374 participants (1731 male and 1643 female) were enrolled in this prospective study.
Follow-up evaluations
We collected the medical examinations data annually until May 31, 2017 using the same procedures as baseline. Of 3374 participants, 657 did not attend any follow-up assessment, 2717 participants who completed at least one follow-up evaluation were included in the final analysis. Participants who developed NAFLD during follow-up were considered incident NAFLD cases, the follow-up time for incident cases was calculated as the difference between baseline and the examination when incident NAFLD was first identified. For participants who did not develop NAFLD, the follow-up time was calculated as the difference between baseline and the last known follow-up examination.
The collection of medical examination data in Wuhan Union Hospital from February 1, 2014 to May 31, 2017 for this study was approved by the ethics committee of Tongji Medical College, Huazhong University of Science and Technology, and complied with the Declaration of Helsinki of 2008. We verbally informed the participants that the data will be used anonymously for medical study. No informed consent was signed, because the study is observational and the data are anonymized.
Measurement of variables
Trained investigators obtained lifestyle information, demographic characteristics and previous medical histories through a standard questionnaire. BMI was calculated as weight (kg) divided by height squared (m 2 ), and overweight status was defined as a BMI ≥23 kg/m 2 [16] . Blood pressure was measured with a standard mercury sphygmomanometer with subjects in a seated position after a rest period of at least 5 min, and the average of 3 consecutive readings was used for the analysis. Hypertension was defined as the use of antihypertensive agents, a SBP ≥140 mmHg, or a DBP ≥90 mmHg. Venous blood samples were collected in the morning after an overnight fast and were processed within two hours. An automated chemistry analyser (Beckman Coulter chemistry analyzer AU5800 series, Tokyo, Japan) was used to measure fasting blood glucose, triglycerides (TG), total cholesterol (TC), LDLc, HDLc, and serum AST and ALT levels. HBs Ag, HBs Ab and HCV Ab were measured using a chemiluminescent micro-particle immunoassay and polymerase chain reaction. Abdominal ultrasonography (MINDRAY, DC-8, China) was performed with a 3.5 MHz probe by experienced ultrasonographers blinded to the data of subjects. The main outcome of interest was new-onset NAFLD, which was characterized as increased echogenicity, increased liver-to-kidney contrast, deep beam attenuation, and portal vein blurring [17] .
Statistical analyses
Summary statistics of the baseline characteristics of all patients and stratification by nonHDLc/HDLc tertiles are expressed as frequencies and proportions for categorical variables and as means and SD or medians and interquartile ranges for continuous variables. The differences between groups were analysed using the Chi-squared test for categorical variables, one-way ANOVA for normally distributed continuous variables, and the Kruskal Wallis test for skewed continuous variables. We examined the relationship between the nonHDLc/HDLc ratio, categorized into tertiles, and the outcomes of NAFLD for the overall population and stratified by gender. Cox proportional hazards models were used to evaluate these relationships both with and without adjustment for confounding variables. The adjusted regression model included baseline age, BMI, SBP, DBP, fasting plasma glucose, TG, ALT, and AST levels and the development of cardiovascular diseases (CVD) or diabetes during follow-up. The TG levels was skewed towards the left, but the results showed no significant change after a Box-Cox transformation for TG. We calculated the hazard ratios (HRs) and 95% confidence intervals (CIs). The lowest tertile was the reference for the nonHDLc/HDLc.
We then applied a generalized additive model to estimate the independent relationship between the nonHDLc/HDLc ratio and the risk of NAFLD, with adjustment for potential confounders. The association was further investigated using a two-piecewise linear model. Then, a likelihood ratio test was conducted to compare the one-line linear model with the two-piecewise linear model to decide which model was suitable for each association. The turning point was determined by a recursive experiment based on the principle of the maximum likelihood method, in other words, using trial and error, including selection of turning points along a pre-defined interval and then choosing the turning point that produced the maximum model likelihood. For convenient clinical use, we designated the nearest half or whole number to be the turning point. Because the nonHDLc/ HDLc ratio has no units, we also performed a standard transformation, which indicates how many standard deviations an element is from the mean. To assess the utility of the nonHDLc/HDLc ratio and the nonHDLc value as predictors for NAFLD, we constructed sex-specific receiver operating characteristic (ROC) curves and calculated the areas under the curve (AUC). Bootstrap resampling (Bootstrap resampling times = 10,000) was conducted to calculate 95% CI. We also compared AUC values between different parameters using the Z test. The sensitivity and specificity for predicting NAFLD were calculated by creating dichotomous variables. The Youden index (sensitivity + specificity − 1) and the distance on the ROC curve, calculated as the square root of [(1 -sensitivity) 2 + (1 − specificity) 2 ], were used to determine the appropriate cut-off values. All P values were calculated using two-tailed tests of statistical significance with a type I error rate of 5%.
Data were analysed with the use of the statistical packages R (The R Foundation; http://www.r-project.org; version 3.4.3) and EmpowerStats (www.empowerstats.com; X&Y Solutions Inc.).
Results
Characteristics of individuals by tertiles of the NonHDLc/ HDLc ratio
Of 2717 participants included in the final analysis, the mean (standard deviation) age of the cohort was 40.64 (12.00) years, and 51.09% of the participants were male. After a median observation period of 1.61 years, 264 (9.71%) participants developed NAFLD. Table 1 compares the baseline demographic, clinical, and biochemical characteristics of individuals by tertiles of the nonHDLc/HDLc ratio. Significant differences were observed among the groups. Compared with subjects in the lowest tertile of the nonHDLc/HDLc ratio, those in the highest tertile were older, more likely to be male, more obese as assessed by body mass index (BMI), and had higher blood pressures (BPs), higher fasting plasma glucose and worse liver function (higher aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels). The incidence of NAFLD significantly increased across nonHDLc/HDLc tertiles (3.42% vs. 6.74% vs. 18.98% for tertile 1 vs. tertile 2 vs. tertile 3, respectively).
Unadjusted association between baseline variables and the risk of NAFLD Table 2 shows the univariate Cox proportional hazards models. The univariate analysis indicated that male sex (HR = 2.70, 95% CI, 2.06-3.54, P < 0.001), BMI (HR = 1.34, 95% CI, 1.29-1.39, P < 0.001), systolic BP (SBP) (HR = 1.02, 95% CI, 1.01-1.03, P < 0.001), diastolic BP (DBP) (HR = 1.04, 95% CI, 1.03-1.06, P < 0.001), fasting plasma glucose (HR = 1.40, 95% CI, 1.10-1.78, P = 0.005), TG (HR = 1.68, 95% CI, 1.54-1.84, P < 0.001), TC (HR = 1.49, 95% CI, 1.29-1.72, P < 0.001), LDLc (HR = 1.76, 95% CI, 1.49-2.08, P < 0.001), nonHDLc (HR = 1.96, 95% CI, 1.71-2.24, P < 0.001), nonHDLc/HDLc (HR = 2.19, 95% CI, 1.94-2.47, P < 0.001), ALT (HR = 1.04, 95% CI, 1.04-1.05, P < 0.001) and AST (HR 1.04, 95% CI, 1.03-1.05, P < 0.001) values were positively correlated with the risk of NAFLD. The HDLc value (HR = 0.15, 95% CI, 0.10-0.22, P < 0.001) was negatively correlated with the risk of NAFLD.
Independent association between the baseline NonHDLc/ HDLc ratio and the risk of NAFLD Table 3 shows the results of the univariate and multivariate Cox proportional hazards models. In the univariate analysis, the HR for NAFLD significantly increased as the tertiles of the nonHDLc/HDLc ratio increased in both male and female. Compared with patients in the lowest tertile, female The nonlinear relationship and saturation effect between the NonHDLc/HDLc ratio and the risk of NAFLD Figure 1 shows that in both female and male, a nonlinear relationship was observed between the nonHDLc/HDLc ratio and the risk of NAFLD after adjustment for potential confounders. The NAFLD risk increased with the nonHDLc/HDLc when nonHDLc/HDLc ratio was ≤3.5 for both genders. The HR for NAFLD was 2.15 (95% CI, 1.30-3.58; P = 0.003) for female and 1.62 (95% CI, 1.17-2.25; P = 0.004) for male with a nonHDLc/HDLc ratio ≤ 3.5, while it was 0.00 (95% CI, 0.00-45.96; P = 0.153) for female and 0.58 (95% CI, 0.18-1.86; P = 0.358) for male with a nonHDLc/HDLc ratio > 3.5. With the per-SD increase in the nonHDLc/HDLc ratio, the HR for NAFLD was 1.81 (95% CI, 1.22-2.68; P = 0.003) for female and 1.45 (95% CI, 1.13-1.87, P = 0.004) for male when nonHDLc/HDLc ratio was ≤3.5, while the HR was 0.00 (95% CI, 0.00-19.34; P = 0.153) for female and 0.65 (95% CI, 0.26-1.62; P = 0.358) for male when nonHDLc/HDLc ratio was > 3.5 ( Table 4 ).
The predictive value of the NonHDLc/HDLc ratio and NonHDLc value for NAFLD risk
To compare the predictive value of the nonHDLc/HDLc ratio and the nonHDLc value for NAFLD, we performed receiver operating characteristic (ROC) curve analyses ( The AUCs for nonHDLc/HDLc ratio were significantly higher than those for nonHDLc value (P = 0.049 in female and P = 0.037 in male). The optimal cut-off value for the nonHDLc/HDLc ratio for identification of NAFLD in female was 2.4, with a sensitivity of 54.8% and a specificity of 79.9%, and the cut-off value in male was 2.3, with a sensitivity of 74.4% and a specificity of 57.9%.
Discussion
Accumulating evidence suggested that the nonHDLc/HDLc ratio could predict multiple dyslipidemia-related disorders [13] [14] [15] . The pathogenesis of NAFLD has been confirmed to be associated with dyslipidemia [6, 7] . However, whether the ratio of nonHDLc to HDLc is an effective predictor of the incident NAFLD is still unknown. In this population-based perspective cohort study, we provided the first evidence demonstrating that the nonHDLc/HDLc ratio independently predicted new-onset NAFLD. Moreover, the nonHDLc/HDLc ratio showed a better predictive value than the nonHDLc in both female and male Chinese. Convincing studies have demonstrated that dysregulation of cholesterol homeostasis is a pivotal metabolic factor in NAFLD pathogenesis [18] . Excess intracellular cholesterol can activate liver X receptors (LXRs), which could induce hepatic steatosis [19] . Meanwhile, free cholesterol loading, rather than free fatty acids or TG, can sensitize hepatocytes to inflammatory factors [20] and result in cytotoxicity-mediated transition of steatosis to NASH [21] . In addition, LXRs [18] can promote the secretion of very low-density lipoproteins (VLDLs). Increased VLDLs and the accompanying hypertriglyceridemia underlie the synthesis of small, dense LDLs with lower affinity for the LDL receptor. Oxidized LDLs could bind scavenger receptors and promote an inflammatory response. An overexpression of inflammatory cytokines could activate cholesterol synthesis and inhibit cholesterol elimination through bile acids, which together contribute to increases in LDLc and reductions in HDLc. Therefore, atherogenic dyslipidemia in the peripheral blood could represent cholesterol accumulation in hepatocytes and a higher risk of NAFLD. These could also partially explain the increased cardiovascular risk in patients with NAFLD. NonHDLc includes all apoB-containing lipoproteins (VLDLs, LDLc, intermediate density lipoprotein, chylomicrons and lipoprotein A) and was demonstrated as a more powerful marker for CVD and NAFLD than than single lipoprotein [22] . In contrast to the nonHDLc value, the nonHDLc/HDLc ratio was suggested to better represent the balance between proatherogenic and antiatherogenic lipoproteins and indicate a more comprehensive lipid dysregulation. Studies have proven the NonHDLc/HDLc ratio to be a better predictor for CVD than NonHDLc [23] , as well as a better predictor for insulin resistance and MS than the apoB/apoA1 ratio (difference might be attributed to dysfunctional HDL levels). [14] In this study, we demonstrated that the nonHDLc/ HDLc ratio is an independent predictor of NAFLD and a stronger predictor than nonHDLc for the first time. Our study is consistent with previous trials and contributes to interpretation of the cause-effect relationship between dyslipidemia and NAFLD.
Our study found that the female has a more significant association with the risk of NAFLD than the male. Our result is consistent with the studies of Fernandes et al. [24] and Haentjens et al. [25] , who showed that female have a higher risk of developing NAFLD than male. Astrid et al. [26] suggested that enhanced liver damage found in female mice may result from alterations of the adiponectin-AMPK-PAI-1 signalling cascade in the liver. Further research should be conducted to determine the differences in the pathophysiological mechanisms between male and female with NAFLD. We also found a saturated effect of the nonHDLc/ HDLc ratio on the risk of NAFLD, which may be due to saturation of receptors and enzymes in the liver. Further studies are needed to establish the exact molecular association between cholesterol alterations and NAFLD. The results of this study have several potential clinical implications. The nonHDLc/HDLc ratio may serve as a more effective biomarker for predicting and treating NAFLD than traditional blood lipid parameters. The optimal cutoff values of the nonHDLc/HDLc ratio for identifying individuals with NAFLD (in women was 2.4 and in men was 2.3) may play roles in screening high-risk groups with NAFLD in a Chinese population. In addition, the NonHDLc value is readily available from a routine fasting lipid profile regardless of the TG level, thus reducing the need for additional and more expensive apoB diagnostic tests.
Several limitations should be noted in our study. First, NAFLD was diagnosed by ultrasonography rather than liver histopathology, which may lead to an inaccurate diagnosis. Nevertheless, liver ultrasonography has been confirmed as an accurate and reliable tool for detecting fatty liver. Due to the relatively low cost and lack of radiation exposure, ultrasound is the choice imaging modality for screening for fatty liver in clinical settings and population studies. Second, the interobserver variation might occur for we did not assess the reproducibility of the interpretations of ultrasonographers. However, because all ultrasonographers were blinded to the study information, misclassification would be random. Third, although we adjusted for multiple potential confounding variables, residual and unmeasured confounding might not be fully addressed. Moreover, since all subjects in our study were Asians, results of this study might not directly be applicable to other ethnicities. More prospective multicenter and larger-scale studies are needed to clarify our conclusions in the future.
Conclusion
In conclusion, this perspective study performed in the Chinese population revealed that the increase in nonHDLc/HDLc ratio independent predicts the new-onset NAFLD, and performs better than the single nonHDLc value. The stronger predictor would be expected to better guide early identification of individuals at risk of NAFLD and help contribute to prevent the development and progression of this disease. 
